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SUMMARY 

This r e p o r t  first analyzes some of t h e  problems of 

f u l l y  automatic  a c q u i s i t i o n  of t h e  t r u e  c a r r i e r  

frequency of AM and PM s i g n a l s  by a phase-lock 

loop system ope ra t ing  down t o  i t s  t h e o r e t i c a l  t h r e s -  

ho ld .  I t  has  been found t h a t  f o r  AM, t h e  c a r r i e r  

can be determined from the knowledge t h a t  t he  

spectrum i s  symmetrical .  For t h e  P M  case ,  however, 

no theory  could be advanced which a s su res  a b a s i s  f o r  

completely s a t i s f y i n g  the o r i g i n a l l y  sought  goa l s .  

A s i m p l i f i e d  problem i s  secondar i ly  cons idered  which 

c a l l s  f o r  semi-automatic a c q u i s i t i o n  of t h e  c a r r i e r .  

Here, a system is  recommended which w i l l  pe rmi t  t h e  

ope ra to r  t o  more quick ly  acqu i r e  t h e  c a r r i e r  and t o  

t h e r e a f t e r  reduce o r  e l imina te  t h e  need f o r  f u r t h e r  

monitor ing t ime on h i s  p a r t .  

W? 
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I -- INTRODUCTION 

This  s tudy  w a s  undertaken w i t h  t h e  purpose of de te rmining  

t h e  best  p o s s i b l e  hardware approach t o  t h e  GSFC a c q u i s i -  

t i o n  problem as o u t l i n e d  i n  t h e  S p e c i f i c a t i o n  S-523-P-5 ,  

and as d e s c r i b e d  i n  E l e c t r a c  Proposa l  E . 1 ,  3 9 1  d a t e d  

2 June 1 9 6 7 ,  

The b a s i c  problem may be summarized as being t h e  a c q u i s i -  

t i o n  o f  t h e  t r u e  carr ier  frequency of ampli tude o r  phase- 

modulated (AM o r  PM) s i g n a l s  by t h e  phase-lock loop  systems 

now employed i n  t h e  GSFC t r a c k i n g  s t a t i o n s .  

T h e  r e p o r t  f i r s t  ana lyzes  t h e  g e n e r a l  problem p resen ted  

by t h e  s p e c i f i c a t i o n s  and f i n d s  t h a t  a complete answer 

cannot  be suppor ted  t h e o r e t i c a l l y .  

Secondar i ly ,  a system i s  recommended which s o l v e s  a less 

severe problem -- t h a t  of speeding up the  i n i t i a l  a c q u i s i -  

t i o n  p rocess  (even if n o t  t o  t h e  correct t r u e  carr ier)  and 

t h e n  provides  a moni tor ing  and warning system i f  more than  

one s p e c t r a l  l i n e  e x i s t s  i n  t h e  band of i n t e r e s t .  T h i s  

system, whi le  f a r  from so lv ing  t h e  g e n e r a l  problem posed 

h e r e ,  may have p r a c t i c a l  benefi ts  t o  t h e  s t a t i o n  o p e r a t o r  

i n  reducing  and making h i s  t i m e  more e f f e c t i v e .  

-1- 



I1 -- DISCUSSION 

2 . 1  Phase-Lock Loop Problems 

The phase-lock loop used t o  cohe ren t ly  demodulate t he  PM 

(or AM) s i g n a l s  can be locked t o  any s p e c t r a l  l i n e  con- 

t a i n e d  i n  t h e  complex r ad io  frequency spectrum. This  

s p e c t r a l  l i n e  may be t h e  c a r r i e r  f requency or one of any 

number of s idebands r e s u l t i n g  from p e r i o d i c  f requency 

components ( s p e c t r a l  l i n e s )  of t h e  complex modulating 

s i g n a l .  These l i n e s ,  i n  gene ra l ,  vary  s lowly wi th  t i m e ,  

and t h e  phase-lock loop sys t em i s  capable  of t r a c k i n g  and 

measuring t h e i r  f requency and ampli tude even when t h e  

s igna l - to-noise  r a t io  of t h e  complex s i g n a l  may be  con- 

s i d e r a b l y  less t h a n  u n i t y .  However, t h e  system does no t  

have any way of d i s t i n g u i s h i n g  which one of  t h e s e  i s  t h e  

t r u e  carrier and which i s  a s ideband.  Lock t o  a s ideband 

r e n d e r s  t h e  r e s u l t i n g  demodulated s i g n a l  meaningless  and, 

t h e r e f o r e ,  a c q u i s i t i o n  of t h e  c o r r e c t  carr ier  frequency 

i s  e s s e n t i a l .  

2 .2  C l a s s i f i c a t i o n  of Information 

It  i s  ev iden t  t h a t  a p r i o r i  in format ion  i s  r e q u i r e d  t o  

d e t e r m i n e  t h e  frequency of t h e  carrier.  For t h e  purpose 

of t h i s  r e p o r t ,  w e  w i l l  a r b i t r a r i l y  c l a s s i f y  t w o  types  of 

available knowledge which may o r  may n o t  be a v a i l a b l e  a t  



the time of acquisition. These are: 

1. General knowledge of the modulation technique 

(i.e. PM, SSBSC, AM, etc.). 

2. Detailed knowledge of the modulating signal 

structure (modulating frequency, spectrum, 

modulation indices, etc. ) . 

The specifications list the following information: 

A. 

B. 

C. 

D. 

E. 

"AM and PM only - no FM" (This is interpreted 

as meaning no dc FM or that the phase modulat- 

ing signal has no component of the form kt.) 

"At least 10 percent of the received power 

in carrier" 

"NO sideband component within three tracking 

bandwidths of the carrier" 

"Full RF spectrum contained within pre-detection 

bandwidth" 

"Total Doppler less than 200 kHz and maximum 

Doppler rate less than 2.5 kHz/sec." 

Statements A and possibly B would represent Type 1 informa- 

tion; statements C and D applying to Type 2 information, 

and statement E is not applicable. 

-3- 



I 

We now consider several types of modulation techniques 

to determine what knowledge is necessary for proper 

acquisition. Although not required, it is useful to 

first consider a suppressed carrier with a pure sinusoi- 

dal modulating signal. Here, the RF spectrum consists of 

a single spectral line not at the carrier frequency. In 

this example, both Type 1 and Type 2 information are 

required -- without both it is impossible to determine 
the carrier. 

Next, consider AM, which is a requirement in this study. 

Because the sidebands are always symmetrically displaced 

about the carrier, the carrier can always be determined 

from its spectrum. Only Type 1 information has been 

required, and a device which can perform a spectral 

analysis and then determine the point of symmetry is all 

that is needed. 

Also of interest, but not required here, is Suppressed 

Carrier AM. Here, we can determine the carrier from the 

sidebands alone. It is always possible to represent the 

signal by 

e (t) = a (t) Sin Wot 

-4- 



I f  w e  square t h e  s i g n a l  and observe t h e  second harmonic 

Component, 

2 e2 = a 2  ( t)  S i n  W o t  

Thus, a d i s c r e t e  l i n e  of amplitude a2 occurs  a t  t h e  second 

harmonic of t h e  carrier.  Fur the r ,  t h e  fundamental and 

second harmonic bands have symmetrical  s p e c t r a  about  the 

carrier.  Thus, wi th  Type 1 informat ion  only,  w e  could 

de te rmine  the c a r r i e r  frequency by t h e  squa r ing  process  and 

a n a l y s i s  of t h e  spectrum t o  determine t h e  center of  symmetry. 

W e  w i l l  now cons ider  t h e  PM o r  F M  only  (no AM) case .  I f  

on ly  Type 1 informat ion  i s  a v a i l a b l e ,  t h e  g e n e r a l  s o l u t i o n  

is  t h e o r e t i c a l l y  p o s s i b l e  by use  of a f requency d i s c r i m i -  

n a t o r  which can e v a l u a t e  t h e  mean va lue  of f r equenc ie s .  

T h i s  fol lows because of the  mentioned i n t e r p r e t a t i o n  of 

"no FM" be ing  p r e s e n t .  Without t h i s  i n t e r p r e t a t i o n ,  the 

de termina t ion  of t h e  c a r r i e r  i s  impossible  wi thout  t h e  

a d d i t i o n  of Type 2 information.  

Of  p a r t i c u l a r  i n t e r e s t  t o  u s ,  f o r  the P M  o r  F M  case, is  the 

proposed use  of the spectrum of t h e  RF s i g n a l  t o  determine 

the t r u e  c a r r i e r  frequency. I t  i s  w e l l  known t h a t  an 

i n f i n i t e  number of s p e c t r a l  l i n e s  a r e  genera ted  i n  FM o r  

-5- 



PM, and t h a t  f o r  t h e  simple s p e c i a l  case of a s i n g l e  

s i n u s o i d  modulating s i g n a l  (Type 2 i n f o r m a t i o n ) ,  t h e  

c a r r i e r  w i l l  occur  a t  t h e  po in t  of symmetry. However, 

two s inuso ids  which a r e  harmonical ly  r e l a t e d  can c l e a r l y  

provide  an unsymmetrical spectrum. T h i s  i s  i l l u s t r a t e d  

i n  Figure 1. Note i n  Figure l a  and IC the  cons ide rab le  

amount of non-symmetry. Fu r the r ,  c a l c u l a t i o n  of t h e  

c e n t e r  of power of t h e  spectrum f o r  t h e s e  examples show 

it t o  be cons iderably  d i sp laced  from t h e  t r u e  c a r r i e r .  

I t  i s  concluded i n  Reference 1 t h a t  s ideband symmetry 

about  t h e  c a r r i e r  occurs  only when t h e  p o l a r i t i e s  of  t h e  

modulating wave have symmetrical waveshapes o r  t h a t  

symmetr ical  modulating s i g n a l s  produce symmetrical  

f requency modulated s i g n a l  s p e c t r a  and unsymmetrical 

modulating s i g n a l s  produce unsymmetrical s p e c t r a .  A l s o ,  

it i s  concluded t h a t  t h e  energy i n  t h e  s idebands t e n d s  t o  

d i s t r i b u t e  i t s e l f  i n  accordance wi th  the shape of t h e  

modulating wave. One i s  forced  t o  t h e  f i n a l  conclus ion  

t h a t  s p e c t r a l  a n a l y s i s  does n o t  o f f e r  a gene ra l  s o l u t i o n .  

2.3 Frequency Discr iminator  

A s  has been brought  o u t ,  t h e  u se  of a wide band frequency 

d i s c r i m i n a t o r  capable  of g iv ing  t h e  mean va lue  of t h e  

i n p u t  f requency appears  t o  o f f e r  a t h e o r e t i c a l  means of 

e s t a b l i s h i n g  the t r u e  c a r r i e r  f requency.  The  obvious 

1. G i a c o l e t t o ,  "General ized Theory of Mult i tone Amplitude 
and Frequency Modulation", IRE Proceedinqs,  ( J u l y ,  1 9 4 7 )  , 
V. 3 5 ,  p.  680. 

-6 - 
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t mechanism for this device is a conventional automatic 

frequency control (afc) loop. This idea has been utilized 

in the current Diversity Locked Phase Demodulator 

(Contract NAS5-9864) as an anti-sideband lock scheme. A 

description of this system and the design evaluation 

report for it are included in the Appendix. 

It was recognized in the referenced report that the system 

would be limited to ODB carrier-to-noise at the crystal 

discriminator used in the Model 315A.  Considerable work 

was subsequently expended to obtain the necessary symmetry 

in that unit. 

significantly better discriminator could be built and 

utilized in this same basic system to give higher perfor- 

mance. The possible merits of this approach will now be 

considered. 

Open to question here is whether or not a 

Theory indicates two effects occur as the carrier-to-noise 

power at the discriminator is reduced: from positive to 

negative carrier-to-noise ratio for the case of a wide 

input bandwidth ( 2 0 0  kHz, full spectrum width of received 

signal) and a relatively narrow post detection bandwidth: 

1. The discriminator noise spectrum increases 

to a constant value of noise power density, 

and changes from a triangle shaped spectrum 

to a flat noise spectrum. 

-7 - 



2 .  The ou tpu t  s i g n a l  power, t h e  dc component Of  

which w e  r e q u i r e  he re ,  i s  suppressed  by a 

f a c t o r  of t h e  no i se - to -ca r r i e r  power r a t i o .  

The no i se  power ou tpu t  from t h e  d i s c r i m i n a t o r ,  based on 

t h e  ax i s  c r o s s i n g  d i sc r imina to r  of  Stumpers, Reference 2 ,  

i s  shown i n  F igure  2 .  The e f f e c t  of n o i s e  i n  t h e  a f c  

system i s  t o  produce a f l u c t u a t i o n  of  t h e  VCO about  t h e  

c o r r e c t  va lue  of t h e  c a r r i e r  f requency .  Suppose, f o r  

example, t h a t  w e  r e q u i r e  t h a t  t h e  r m s  f requency accuracy  

of  t h e  VCO be equa l  t o  t h e  receiver loop  bandwidth t o  

reduce  t h e  p r o b a b i l i t y  of  locking  t o  "s idebands  components . . . 
t h r e e  t i m e s  t h e  p a r t i c u l a r  t r a c k i n g  bandwidth being used".  

From Figure  2 w e  no te :  

N- = 1 f o r  c/n small 

and l e t t i n g  

- = 1 0  Hz ( t r a c k i n g  f i l t e r  bandwidth) No - B~~ 

2 .  Stumpers, F. L. H .  M. ,  "Theory of Frequency-Modulation 
Noise" ,  IRE Proceedings (September 1 9 4 8 )  pp 1081-1092 .  

-8- 
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Values f o r  o t h e r  loop bandwidths f o r  t h e  a f c  systems a r e  

shown below: 

Bo Discr imina tor  Output 
Loop BW F i l t e r  S e t t l i n g  T ime  of afc loop 

10 .002 Hz 500  seconds 

30 

1 0 0  

.02 Hz 

.2 Hz 

50 seconds 

5 seconds 

300  2 . 0 .  H z  0.5 seconds 

Also,  t o  g e t  an i d e a  of how f a s t  t h e  system would o p e r a t e  

t h e  s e t t l i n g  t i m e ,  approximated by l / B o ,  has  been t a b u l a t e d .  

From t h i s ,  it i s  c l e a r  t h a t  f o r  an i d e a l  d i s c r i m i n a t o r ,  a 

loop  bandwidth of less than 30 Hz would have been i m p r a c t i c a l ;  

and only t h e  3 0 0  Hz loop bandwidth appears  capable  of meet ing 

t h e  s p e c i f i e d  1 second a c q u i s i t i o n  t i m e  (Paragraph 3.3.2 of  

t h e  s p e c i f i c a t i o n s )  . 
Perhaps the  more s i g n i f i c a n t  problem here i s  t h e  s i g n a l  

suppress ion  e f f e c t .  The t h e o r e t i c a l  suppress ion  e f f e c t  i s  

i l l u s t r a t e d  i n  Figure 3 .  Experimental  v a l u e s ,  t aken  on a 

product ion Electrac Model 315A D i v e r s i t y  Locked Demodulator, 

a r e  a l s o  shown. The experimental  va lues  w e r e  t aken  by 

n o t i n g  the vo l t age  d i f f e r e n c e  between t h e  q u a r t z - c r y s t a l  

d i s c r i m i n a t o r s  dc ou tpu t  for  two d i f f e r e n t  known va lues  of 

i n p u t  f requency.  

changes wi th  no i se  l e v e l  due t o  t h e  i m p o s s i b i l i t y  of achiev-  

The a c t u a l  o u t p u t  v o l t a g e  i n  p r a c t i c e  

i n g  a p e r f e c t  match i n  c i r c u i t  d iodes .  A t  least  from t h i s  

-9 - 
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experimental  d a t a ,  it does n o t  appear p r a c t i c a l  t o  r e a l i z e  

t h e  d i s c r i m i n a t o r  below -10 db i n p u t  c a r r i e r - t o - n o i s e  r a t i o s .  

I n  t h i s  r e s p e c t ,  it appears t h a t  t h e r e  could be va lue  i n  

expending e f f o r t  towards the  g o a l  of  ach iev ing  a w e l l  

balanced d i s c r i m i n a t o r .  

zero-cross ing  type  might be employed. However, t h e  poss i -  

b i l i t y  of  achiev ing  opera t ion  a t  t h e  phase lock  th re sho ld  

looks  r a t h e r  remote. 

A d i g i t a l  type  o r  an improved 

The d i f f i c u l t  i n  t h i s  approach i s  best brought  o u t  by 

example. Consider  t h e  p rob lem implied i n  t h e  200 kHz d i s -  

c r imina to r  requirement .  

w e  would d e s i r e  a l i n e a r i t y  and long t e r m  ze ro  frequency 

s t a b i l i t y  corresponding t o  approximately 

For h igh  s igna l - to-noise  r a t i o s ,  

= 5 X o r  .005% of f u l l  s c a l e  ou tpu t  10 Hz 
200,000 Hz 

This  i s  based on t h e  assumption t h a t  a l l  of t h e  frequency 

spectrum i s  contained i n  t h e  200 kHz I F  bandwidth, and t h a t  

the d i s c r i m i n a t o r  must be s u f f i c i e n t l y  l i n e a r  and s t a b l e  

t o  permi t  a f c  a c t i o n  t o  an accuracy of one t i m e s  t h e  loop 

bandwidth. W e  now, however, cons ide r  o p e r a t i o n  a t  nega t ive  

c a r r i e r - t o - n o i s e  r a t i o s .  Defining t h e  phase lock  th re sho ld  

as 9 db i n  t h e  loop bandwidth (20° r m s  phase j i t t e r ) ,  we 

c a l c u l a t e  t h e  ca r r i e r - to -no i se  a t  t h e  d i s c r i m i n a t o r  as +9 db 

-10 log (Bi/B).  This is t abu la t ed  below. 

-10- 



SNR Carrier - to -No i s e Signal 
Loop BW Loop BW Ratio at Discr. Input Suppression Factor 

10 Hz +9 db -34 db -34 db 50 

30 Hz +9 db -29 db -29 db 28 

100 Hz +9 db -24 db -24 db 16 

300 Hz +9 db -19 db -19 db 9 

Note that for the worst case of 10 Hz, the sensitivity of the 

afc loop will be reduced to only two percent of its high 

signal level sensitivity. As a consequence, we must increase 

the balance and stability requirement by fifty times over the 

previously stated values, a feat not at all attainable by 

state of the art circuitry. 

2.4 Multiple Discriminator System 

A system wherein a series of discriminators having descending 

values of bandwidths are successively employed to "zero in" 

on the carrier has been considered. This system has been used 

to a limited extent (two bandwidths) on the Electrac Model 3 1 5 A .  

The idea here is to reduce the impossible discriminator sta- 

bility requirements as well as the signal suppression (increased 

carrier-to-noise ratio). This system has not been analyzed, 

to our knowledge. It appears that bandwidth limiting of the 

IF signal (input to the discriminator) will destroy, in 

general, the basis on which (in theory) the discriminator can 

produce the correct results. That is, the original assumption 

requires that the mean value of the input frequency in the 

total IF bandwidth equal the true carrier frequency. It is 

-11- 



n o t  c e r t a i n  t h a t  if the s i g n a l  i s  passed through a narrower 

bandpass f i l t e r ,  even though i t  be symmetr ical ,  t h a t  t h e  

mean va lue  of the  r e s u l t i n g  s i g n a l  w i l l  n e c e s s a r i l y  equal  

t h e  t r u e  carr ier  frequency.  

A c l e a r  example t o  i n d i c a t e  t h a t  t he  mean va lue  i s  n o t  

preserved  can be determined from Figure l a .  I f  a zonal  

bandpass f i l t e r  i s  p laced  about t h e  c a r r i e r  t o  inc lude  only  

t h e  -5 kHz and +5 kHz sidebands,  t hen  f o r  t h i s  case t h e  

average frequency w i l l  equal  t h a t  of t he  -5 kHz sideband. 

T h i s  fo l lows  because of t he  so -ca l l ed  c a p t u r e  e f f e c t ,  

(Reference 3 )  wherein t h e  average frequency of t h e  s i g n a l  

i s  equal  t o  t he  s t r o n g e r  component ( i n  t h i s  case, t h e  lower 

s i d e b a n d ) .  

c r i m i n a t o r  bandwidth, i n  order  t o  g ive  c o r r e c t  r e s u l t s ,  must 

encompass i t s  e n t i r e  RF s i g n a l  spectrum; and t h e r e f o r e ,  

t h e r e  i s  no t h e o r e t i c a l  advantage gained by reducing  the  

d i s c r i m i n a t o r  i n p u t  bandwidth. 

W e  must then  conclude i n  gene ra l  t h a t  t h e  d i s -  

2 .5  U s e  of T y p e  2 Information 

To t h i s  p o i n t ,  w e  have looked t o  the goal  of e s t a b l i s h i n g  

a t h e o r e t i c a l  s o l u t i o n  f o r  the AM and PM cases by use  of 

Type 1 information on ly ,  and found: 

3 .  Downing, John J . ,  "Modulations Systems and Noise" ,  
Prent ice-Hal l ,  Inc . ,  Englewood C l i f f s ,  N. J . ,  1 9 6 4 .  
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f o r  AM: (a)  Theore t i ca l ly  p o s s i b l e  by determining 

c e n t e r  of the R F  spectrum. 

f o r  PM: (a)  Theore t i ca l ly  p o s s i b l e  by use  of perfect  

d i sc r imina to r .  However, o p e r a t i o n  i s  

l i m i t e d  t o  c a r r i e r - t o - n o i s e  r a t i o  i n  

o r d e r  of -10 db i n  t h e  d i s c r i m i n a t o r  

i n p u t  bandwidth. 

(b )  N o  theory i s  a v a i l a b l e  which would l e a d  

t o  t h e  de te rmina t ion  of t h e  carrier 

frequencies  from t h e  spectrum, o r  from 

an abbreviated p o r t i o n  of t h e  spectrum. 

Although, f o r  t h e  P M  case, theory  does n o t  suppor t  a gene ra l  

s o l u t i o n  f o r  o p e r a t i o n  over t h e  r e q u i r e d  range of s igna l - to -  

n o i s e  r a t i o s ,  it appears  t h a t  a f e a s i b l e  system may be 

p o s s i b l e  i f  Type 2 information i s  made a v a i l a b l e .  An obvious 

s o l u t i o n  i s  t h e  use of a computer t o  provide d a t a  r educ t ion  

a t  t h e  receiver, w i t h  app ropr i a t e  checking a g a i n s t  expected 

r e s u l t s  t o  i n s u r e  t h a t  a f a l s e  lock  has n o t  occurred.  T h i s  

appears  t o  be o u t s i d e  t h e  scope of t h i s  e f f o r t .  However, 

t w o  o t h e r  p o s s i b i l i t i e s  c a n  be concluded: 

1. If t h e  RF spectrum is  known t o  be completely 

symmetr ical .  

2 .  If the  spectrum is  n o t  symmetr ical ,  bu t  i s  

s u f f i c i e n t l y  w e l l  known t o  permi t  comparison 

w i t h  a p r i o r i  s p e c t r a l  d a t a .  
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W i t h  r e s p e c t  t o  the f i rs t  p o s s i b i l i t y  i n  which t h e  symmetry 

of  the i n p u t  s i g n a l  i s  guaranteed,  a number of techniques 

can be used t o  au tomat ica l ly  determine the  c e n t e r  of t h e  

spectrum and, hence,  determine the c a r r i e r  f requency.  What 

i s  n o t  e s t a b l i s h e d  here is  whether o r  n o t  t h e  s i g n a l s  of 

i n t e r e s t  a r e  indeed s u f f i c i e n t l y  symmetr ical .  A study of 

t h i s  problem i s  i n d i c a t e d ,  but  i s  beyond t h e  scope of t h i s  

e f f o r t .  I n  t h i s  r e s p e c t ,  however, it should be mentioned 

t h a t  t h e  symmetry must i n i t i a l l y  be e s t a b l i s h e d  a t  t h e  

s p a c e c r a f t  t r a n s m i t t e r  and preserved down through t h e  I F  

a m p l i f i e r  of  t h e  ground r e c e i v e r  t o  t he  p o i n t  where t he  

spectrum i s  analyzed.  

c i r c u i t r y  would no doubt  a f f e c t  t h e  o v e r a l l  performance of 

such a system. 

characteristics i n  t he  r e c e i v e r  might w e l l  prove t h i s  system 

i m p r a c t i c a l .  

Non-symmetry of t he  a s s o c i a t e d  

This requirement  f o r  symmetr ical  bandpass 

The second p o s s i b l e  system would be based on some s o r t  of 

spectrum matching technique.  Required h e r e  i s  a s tudy  of 

the  spectrum of t h e  va r ious  s a t e l l i t e  t r a n s m i t t e r s  t o  d e t e r -  

mine whether o r  n o t  t he  c a r r i e r  could be a c c u r a t e l y  i d e n t i f i e d .  

Th i s ,  t oo ,  i s  beyond the scope of t h i s  e f f o r t ,  and no b a s i s  

f o r  p r e d i c t i n g  the  performance has been e s t a b l i s h e d .  

2 .6  Spectrum Determination 

For both  of  t h e  p o s s i b i l i t i e s  suggested,  a common equipment 
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problem e x i s t s  and can be  broken down i n t o  two func t ions :  

1. F a s t  and accura te  de te rmina t ion  of the 

s i g n a l  spectrum. 

2.  Determinat ion of t h e  carr ier  frequency 

from the spectrum and implementing phase- 

lock .  

A number of methods of e s t a b l i s h i n g  t h e  s p e c t r a  have been 

cons idered .  

the  comb f i l t e r ,  and t h e  ubiqui tous f i l t e r .  The  swept 

f requency ana lyze r  i s  perhaps the s i m p l e s t  and cheapes t  

method of o b t a i n i n g  t h e  s p e c t r a ,  i nvo lv ing  use  of a s i n g l e  

narrow bandpass f i l t e r  and a swept f requency heterodyning 

c i r c u i t .  

t h e  phase-lock loop bandwidth and use  a sweeping rate of 

B2 Hz/second, then  the  time t o  ana lyze  t h e  e n t i r e  2 0 0  kHz 

spectrum i s  200  kHz /B  . Values f o r  t h e  va r ious  loop band- 

w i d t h s  a r e  below: 

These i n c l u d e  t h e  swept f requency approach,  

I f  w e  assume an a n a l y s i s  bandwidth B equal  t o  

2 

Bandwidth 

3 

10 

30 

100 

300 

Analysis  T i m e  

2 0 , 0 0 0  seconds 

2 , 0 0 0  seconds 

2 0 0  seconds 

2 0  seconds 

2 seconds 



I t  i s  a t  once seen t h a t  t h e  r equ i r ed  a c q u i s i t i o n  t i m e  o f  

one second can be approached only  f o r  t h e  300-Hz loop  band- 

wid th  case .  

m u l t i p l e  (comb) f i l t e r s ;  the  t i m e  r educ t ion  f a c t o r  be ing  

t h e  number of f i l t e r s  employed. For example, t h e  30-Hz 

bandwidth would r e q u i r e  a t o t a l  of 2 0 0  f i l t e r s  t o  reduce 

t h e  d e t e c t i o n  and a c q u i s i t i o n  t i m e  t o  approximately one 

second. 

The a n a l y s i s  t i m e  can be speeded up by use of  

A t h i r d  ana lyze r ,  t h e  Federa l  S c i e n t i f i c  Corpora t ion  

Ubiqui tous Spectrum Analyzer, has  a performance roughly 

e q u i v a l e n t  t o  a comb f i l t e r .  It  o p e r a t e s  by d i g i t i z i n g  

and s t o r i n g  a 50 mi l l i second t i m e  sample of  a 1 0  kHz band 

of in format ion  and then  reads o u t  t h i s  sample a t  a g r e a t l y  

inc reased  ra te  t o  permi t  use of  a wider bandwidth bandpass 

f i l t e r .  I n  e f f e c t ,  t h e  s i g n a l  t i m e  base  i s  c o n t r a c t e d  and,  

consequent ly ,  t h e  spectrum is  d i l a t e d .  I n  o r d e r  t o  ana lyze  

t h e  r e q u i r e d  200-kHz frequency band, twenty sequenced s t e p s ,  

each  ana lyz ing  a 10-kHz band, would be r equ i r ed ;  t h e  t o t a l  

t i m e  t a k i n g  about  two seconds.  These he te rodyning  s t e p s  

cou ld  be accomplished by a programmable frequency source  

such  as a Hewlett-Packard frequency s y n t h e s i z e r .  

2 .7  Determination of  Carrier from t h e  Spectrum 

Regard less  of  t h e  scheme used t o  o b t a i n  t h e  a n a l y s i s ,  t h e  

car r ie r  component must be determined. A s  has been s t a t e d ,  
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t h i s  can be done f o r  AN by f i n d i n g  t h e  c e n t e r  of symmetry 

of t h e  spectrum. Several  approaches t o  s o l v i n g  t h i s  prob- 

l e m  e x i s t  u s ing  ana log  and/or d i g i t a l  t echniques .  

For t h e  PM c a s e ,  as  has  been mentioned, t h e  c e n t e r  o f  

symmetry may t u r n  o u t  i n  p r a c t i c e  t o  provide  a f a i r l y  

a c c u r a t e  r e p r e s e n t a t i o n  of t h e  carr ier  frequency.  However, 

i n  t h e  e v e n t  it does n o t ,  t h e  problem of  spectrum matching 

a g a i n s t  known d a t a  could  be cons idered .  For t h i s  s i t u a t i o n ,  

a pu re ly  d i g i t a l  approach appears  more a t t r a c t i v e .  Here, 

s p e c t r a l  d a t a  would be s t o r e d  i n  t h e  memory of a d i g i t a l  

computer. The receiver I F  s i g n a l  would t h e n  be analyzed 

and i n s e r t e d  i n t o  t h e  computer memory. T h e r e a f t e r ,  t h e  

computer would be programmed t o  perform t h e  r e q u i r e d  match- 

i n g  o p e r a t i o n  t o  determine t h e  car r ie r .  Once t h e  carrier w a s  

found, it would be necessary t o  u t i l i z e  t h e  informat ion  i n  

t h e  receiver's l o c a l  o s c i l l a t o r  t o  achieve  l o c k .  I n  t h e  

e v e n t  t h a t  t h e  spectrum w e r e  unknown, t h e  computer could  

perform o t h e r  types  of  a n a l y s i s  such as de termining  t h e  

c e n t e r  of power o r  perhaps ,  f o r  example, determine t h e  

average  frequency of a l l  spectra exceeding a g iven  t h r e s h o l d  

( e q u i v a l e n t  t o  t h e  "punch thru"  system s p e l l e d  o u t  i n  

Electrac Proposal  €2.1. 391, d a t e d  6 / 2 / 6 6 ) .  However, it 

must be emphasized t h a t  no theo ry  has  been found t o  a s s u r e  

t h e  success  o f  t h e s e  methods. 
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2 . 8  Programmed VCO 

A s y s t e m  has  been brought  t o  our  a t t e n t i o n  by 

M r .  V ic to r  R .  Simas i n  which t h e  VCO of t h e  r e c e i v e r  i s  

prograxrmcd -- t o  i t s  correct lock frequency.  T h e  necessa ry  

informat ion  is der ived  from computer c a l c u l a t i o n s  of  t h e  

Doppler s h i f t  on t h e  t r a n s m i t t e r  carrier. The computer 

i s  >resumably f e d  t r a c k i n g  d a t a  on each  s a t e l l i t e  and i t s  

t r a n s m i t t e r  f requency.  I t  i n  t u r n  s u p p l i e s  sample p o i n t s  

of t h e  p r e d i c t e d  Doppler s h i f t .  Th i s  i s  done s u f f i c i e n t l y  

advanced i n  t i m e  t o  permi t  t h i s  i n f o r n a t i o n  t o  be used 

wi th  a s p e c i a l  ana log  programmer f o r  t h e  receiver VCO. 

Th i s  system, us ing  Type 2 in format ion ,  appears  q u i t e  

a t t r a c t i v e  compared t o  t h e  o t h e r  approaches sugges ted  

h e r e i n  i n  t h a t  the information d i r e c t l y ,  r a t h e r  t han  i n -  

d i r e c t l y ,  concerns t h e  carrier i t s e l f .  However, as has  

been po in ted  o u t  t o  u s ,  t h e  system does depend on pre-  

d i c t i n g  t h e  frequency t r a n s m i t t e d  by t h e  s p a c e c r a f t  

t r a n s m i t t e r  which i n  practice could have cons ide rab le  

e r r o r  due t o  d r i f t .  Whether or  n o t  t h i s  d r i f t  could  be 

c o n t r o l l e d  or  compensated f o r  is n o t  cer ta in .  

t h i s  appears  t o  be t h e  most promising method t o  come t o  

o u r  a t t e n t i o n  f o r  t h i s  problem, a t  least  wi th  r e s p e c t  t o  

t h e  use  of Type 2 information.  

I f  it can ,  
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111 -- RECOMMENDED SYSTEM 

Because a gene ra l  s o l u t i o n  of t h e  problem of f u l l y  auto- 

m a t i c  a c q u i s i t i o n  of t h e  c a r r i e r  has  n o t  been found, 

cons ide ra t ion  has  been directed t o  the  s imple r  problem 

of improving t h e  p r e s e n t  a c q u i s i t i o n  system. I n  t h i s  

p r e s e n t  system, t h e  s t a t i o n  o p e r a t o r  s ea rches  the s i g n a l  

spectrum and dec ides  which of one o r  more s p e c t r a l  l i n e s  

r e p r e s e n t  t h e  t r u e  c a r r i e r .  This d e c i s i o n  i s  based on 

h i s  experience us ing  t h e  a v a i l a b l e  a u r a l  and v i s u a l  c l u e s .  

I n  d i s c u s s i o n s  wi th  GSFC t e c h n i c a l  personnel ,  it was brought  

o u t  t h a t  t h i s  procedure was t o o  lengthy and r e q u i r e s  

cont inuous monitor ing on the p a r t  of t h e  s t a t i o n  o p e r a t o r  

a f t e r  lock-up. To provide an answer t o  t h i s  problem, a 

system has  been devised here  which provides  t h e  fol lowing 

f e a t u r e s :  

1. A system f o r  r ap id ly  and a c c u r a t e l y  e s t a b l i s h i n g  

the s i g n i f i c a n t  s p e c t r a l  l i n e s  conta ined  i n  t h e  

s i g n a l  spectrum. 

2. 

3 .  

A system f o r  d i sp l ay ing  t h e s e  l i n e s  t o  enable  t h e  

o p e r a t o r  t o  eva lua te  t h e  s e l e c t i o n  problem. 

Simple c o n t r o l s  t o  i n i t i a t e  automatic  a c q u i s i t i o n  

of the  phase-lock demodulator system t o  t h e  s e l e c t e d  

s p e c t r a l  l i n e .  
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4 .  A system which monitors t h e  spectrum a f t e r  lock-  

up and i n c l u d e s  an alarm t o  warn t h e  o p e r a t o r  i f  

more than  one p o s s i b l e  s p e c t r a l  l i n e  e x i s t s  

( i f  so ,  a f a l s e  l o c k  t o  a s ideband o r  R F I  from 

ano the r  s a t e l l i t e  i s  p o s s i b l e ) .  

The b a s i c  s p e c i f i c a t i o n s  recommended are: 

I n p u t  Frequency Range: 1 4 0  kHz 

Minimum Loop Bandwidth: 1 0 0  H z  

Lock Threshold: - 1 4 1  dbm* 

A c q u i s i t i o n  Time: 1 0  seconds (maximum) 

3 .1  Desc r ip t ion  of System 

A block diagram of a system t o  accomplish t h i s  i s  shown 

i n  F igures  4 and 5. A bank of 1 4  s p e c t r a l  l i n e  d e t e c t o r s  

are provided,  each  o f  which covers  a 10-kHz cont iguous 

segment of t h e  140-kHz i n p u t  bandwidth. Each d e t e c t o r  

c o n t a i n s  a phase-lock loop  t r a c k i n g  f i l t e r .  A l l  of  t h e s e  

f i l t e r s  are cont inuous ly  swept through t h e i r  des igna ted  

frequency band u n t i l  such t i m e  as a s i g n a l  i s  acqu i red .  

A t  t h e  end of  1 0  seconds ( t h e  minimum t i m e  r e q u i r e d  t o  

s imul taneous ly  sweep a l l  1 4  VCO's through t h e i r  f requency 

r a n g e ) ,  as many a s  1 4  s p e c t r a l  l i n e s  can be locked t o  based 

on one s p e c t r a l  component i n  each  10-kHz frequency band. 

*Assumes 4 db r e c e i v e r  no ise  f i g u r e ,  2 0  deg rees  r m s  loop 
n o i s e  
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The ampli tude ( A )  and frequency ( f )  of  each  acqu i red  

s p e c t r a l  l i n e  i s  d i sp layed  on a l a r g e  s c r e e n  o s c i l l o s c o p e  

i n  t h e  form of  a bar- type graph (see F igure  6 ) .  The 

o p e r a t o r  has a v a i l a b l e  t o  h im 1 4  swi t ches ;  one f o r  each 

t r a c k i n g  f i l t e r  and i t s  acqui red  s p e c t r a l  l i n e .  The 

o p e r a t o r  selects one of t hese  swi t ches  as t h e  ca r r i e r .  

Subsequent dep res s ion  of t h e  t r a n s f e r  swi t ch  ( T )  t r a n s f e r s  

t h e  VCO of t h e  main t r a c k i n g  and d a t a  loop  t o  t r a c k  t h e  

s e l e c t e d  s p e c t r a l  l i n e .  Deta i led  o p e r a t i o n  of  t h e  system 

i s  as fo l lows:  

1. Before t h e  system mode swi t ch  i s  p l aced  i n  t h e  

t r a n s f e r  ( T )  p o s i t i o n ,  t h e  VCO frequency of  t h e  

main t r a c k i n g  and da ta  loops  i s  t empora r i ly  

"memorized" by t h e  t r a n s f e r  phase-lock loop.  

2. 

3 .  

The o p e r a t o r  chooses a s p e c t r a l  l i n e  ( f o r  t h e  c a r r i e r )  

by s e l e c t i o n  of t h e  corresponding swi t ch .  The mode 

s w i t c h  i s  then  depressed t o  t h e  v e r i f y  p o s i t i o n  which 

p e r t u r b s  t h e  amplitude of  t h e  s e l e c t e d  l i n e  p re sen ted  

on t h e  d i s p l a y  screen  p e r m i t t i n g  t h e  o p e r a t o r  t o  

v e r i f y  he has  s e l e c t e d  t h e  d e s i r e d  l i n e .  

The mode swi tch  i s  then p l aced  i n  t h e  T p o s i t i o n .  

The ou tpu t  of  t h e  bank of  s p e c t r a l  l i n e  d e t e c t o r s  

c o n s i s t s  of a s i n g l e  CW s i g n a l  e q u a l  i n  f requency t o  

t h e  d e s i r e d  frequency component i n  t h e  r e c e i v e r  I F .  
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4. 

5. 

The main t r a c k i n g  loop bandwidth i s  momentarily 

g r e a t l y  inc reased  and very r a p i d  a c q u i s i t i o n  of 

t h e  s i n g l e  CW s p e c t r a l  l i n e  from t h e  d e t e c t o r  bank 

ou tpu t  t akes  place.  Using a lO-k€Iz  loop bandwidth, 

t h c  main t r a c k i n g  loop can be e a s i l y  swept and 

locked i n  less than one second. During t h i s  

per iod ,  t h e  t r a n s f e r  phase-lock loop i s  n o t  

a f f e c t e d  -- i t s  b a s i c  purpose be ing  t o  maintain 

t h e  prev ious ly  memorized VCO frequency f o r  u s e  i n  

t h e  s p e c t r a l  l i n e  d e t e c t o r s .  

Return of t h e  mode switch t o  i t s  normal monitor 

p o s i t i o n  then accomplishes t h e  fol lowing:  

a. The main t r ack ing  and d a t a  loop bandwidth i s  

r e tu rned  t o  i t s  normal (100 H z )  bandwidth and 

i t  immediately ( less  than 0 .1  second) acqu i r e s  

t h e  s e l e c t e d  frequcncy component i n  t h e  r e c e i v e r  

IF .  This  fol lows because t h e  VCO of t h i s  loop 

i s  a t  p r e c i s e l y  c o r r e c t  f requency t o  lock t o  

t h e  s e l e c t e d  I F  s i g n a l .  Demodulation of t h e  

s i g n a l  then takes  p l a c e  i n  t h e  normal manner. 

b. The t r a n s f e r  loop re -acqui res  and then t r a c k s  

t h e  main t r ack ing  and d a t a  VCO f o r  f u t u r e  

memory a c t i o n .  This  a c q u i s i t i o n  can t a k e  p l a c e  

very r a p i d l y  as no SNR or  m u l t i p l e  choice pro- 

blem e x i s t s .  

-22- 



c. The sweep-search c y c l e  f o r  a l l  s p e c t r a l  l i n e  

d e t e c t o r s  again i s  repea ted .  Both t h e  main 

t r a c k i n g  VCO and t h e  t r a n s f e r  VCO t r a c k  the 

d e s i r e d  input  f requency and, hence,  a l l  f r e -  

quencies  presented on t h e  d i s p l a y  screen  a r e  

i n d i c a t e d  r e l a t i v e  t o  t h e  s e l e c t e d  and t r acked  

frequency. Again, a t o t a l  of up t o  10 seconds 

i s  r equ i r ed  t o  completely sea rch  t h e  140-kHz 

band. (Note t h a t  t h e  s e l e c t e d  c a r r i e r  can be 

t racked  over  +70 kHz range and, t hus ,  t h e  

s p e c t r a l  l i n e  d e t e c t o r s  -- because they o p e r a t e  

r e l a t i v e  to the  c a r r i e r  -- a c t u a l l y  monitor  a 

range of +140 H z . )  

- 

- 

- 

6. I f  a f t e r  lock-up the o p e r a t o r  dec ides  h i s  choice  was 

i n c o r r e c t  and wishes t o  select  a d i f f e r e n t  s i g n a l  f o r  

t h e  carrier,  he merely p r e s s e s  t h e  a p p r o p r i a t e  swi tch  

and r e p e a t s  t he  s t a t e d  procedure.  

7. I f  t h e  ope ra to r  i s  s a t i s f i e d  wi th  h i s  s e l e c t e d  f r e -  

quency and it is the only one which e x i s t s ,  he  then 

a c t i v a t e s  t h e  alarm c i r c u i t  which inc ludes  a notch 

f i l t e r  t o  e l imina te  t h e  d e s i r e d  s i g n a l  t o  t h e  d e t e c t o r  

bank i n p u t .  Thereaf te r ,  t h e  sweep sea rch  cont inues  

and, i f  a s i n g l e  l i n e  i s  la te r  d e t e c t e d ,  t h e  alarm 

system warns t h e  ope ra to r  of a p o s s i b l e  f a l s e  lock.  

If  more than one  s i g n a l  can be locked to, he can 
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s t a n d  by and monitor t h e  o v e r a l l  performance on t h e  

d i s p l a y  u n i t .  (Note: The notch  f i l t e r  has  ano the r  

impor t an t  f e a t u r e  i n  t h a t  it will permi t  a c q u i s i t i o n  

o f  s i g n a l s  having s idebands c l o s e l y  spaced t o  t h e  

car r ie r .  By locking  and no tch ing  o u t  s idebands on 

a successive b a s i s ,  t h e  system can proceed from 

sideband t o  sideband u n t i l  t h e  t r u e  car r ie r  i s  found.) 

3.2 Summary o f  Performance of S p e c t r a l  L i n e  Detec tor  Loops 

Antenna 
SNR, Loop* S i g n a l  Level Loop BW SNR I n  1 0  kHz 

- 1 4 1  dbm 1 0 0  Hz -11 db + 9 Ub 

-135 dbm 155 Hz - 5 db +13 db 

-130 270 Hz 0 db +15.7 db 

-12 0 300 Hz +lo db +25.2 db 

-110 300 Hz + 2 0  db +35.2 db 

-100 300 Hz +30 db +45.2 db 

System: Second-order; l i m i t e r  I F  

Sweep Speed: 1 kHz/second 

Frequency Range : 1 0  kHz 

3.3 Performance of Transfer  Phase-Lock Loop 

A c q u i s i t i o n  Time: 1 Second maximum 

Memory Performance, I n p u t  Removed = D r i f t  <lo Hz/second 

~ 

" 2 0  Degrees r m s  no i se  j i t t e r  
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3 . 4  Performance of Main Tracking Data Loop 

Time  t o  acqui re  s p e c t r a l  l i n e  
d e t e c t o r  band: 1 second maximum 

Added t i m e  t o  a c q u i r e  d e s i r e d  
s i g n a l :  0 .1  second 

S e n s i t i v i t y :  

3.5 Notch F i l t e r  

Re jec t ion  of c e n t e r  I F  
frequency: 

3-db Bandwidth: 

1-db Bandwidth: 

3 . 6  Miscel laneous Desiqn F e a t u r e s  

a,  

b. 

C. 

d. 

-141 dbm, 100 Hz 
bandwidth 

2 50 db 

- a25 H z  

- +50 Hz 

Provide  v e r i f y  s w i t c h  t o  momentarily e l i m i n a t e  

a g iven  l i n e  d i s p l a y e d  on t h e  d i s p l a y  u n i t  t o  

i n s u r e  the o p e r a t o r  has s e l e c t e d  t h e  correct 

pushbut ton.  

Screen t o  be c a l i b r a t e d  v e r t i c a l l y  0-10 and 

t h e  h o r i z o n t a l  axis t o  be c a l i b r a t e d  i n  kHz. 

The h o r i z o n t a l  s c a l e  of t h e  d i s p l a y  u n i t  can 

be c a l i b r a t e d  i n  0 - +70 kHz. 

s tepped i n  increments for each p u l s e  of t h e  

clock gene ra to r  , 

The beam is 

The v e r t i c a l  scale of t h e  d i s p l a y  u n i t  i s  C a l i -  

b r a t e d  0-10 (db) .  Because of t h e  requirement  
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e.  

f .  

g -  

h.  

i. 

t h a t  a t  l eas t  1 0  pe rcen t  of  t h e  t o t a l  power must 

r e s i d e  i n  t h e  t r u e  c a r r i e r ,  i t  fo l lows  t h a t  no o t h e r  

s p e c t r a l  l i n e  can be more than  90  p e r c e n t  (or  by 

comparison 9 . 5  db) . 

I f  t h e  corrmutator c lock ra te  i s  set  a t  7 0 0  H z ,  each 

v e r t i c a l  beam w i l l  be r epea ted  5 0  Hz/second, enough 

t o  prec lude  f l i c k e r  e f f e c t s .  

The l i n e  g e n e r a t o r  can be a half-wave r e c t i f i e d  

70-kHz sawtooth wave. This  w i l l  provide approximately 

1 0 0  v e r t i c a l  o s c i l l a t i o n s  a t  each frequency p o i n t  t o  

i n s u r e  an e a s i l y  read bar - type  i n d i c a t i o n .  

A reset b u t t o n  can be added, i f  it i s  d e s i r e d ,  t o  

s t a r t  a l l  sweeps a t  t h e  edge of  each 10-kHz band. 

F u r t h e r ,  it appears  d e s i r a b l e  t o  sweep loop  1 -7  

upward and loop  8-14 downward i n  f requency (always 

toward t h e  cen te r ) .  

A s  an o p t i o n ,  it may be d e s i r a b l e  t o  add an a d d i t i o n a l  

# 7  and # 8  u n i t  which would sweep i n  a d i r e c t i o n  away 

from t h e  c e n t e r  t o  d e t e c t  a p o s s i b l e  second p a i r  of 

s i g n a l s  which may e x i s t  c l o s e  t o  t h e  carr ier .  

Another o p t i o n  easy  t o  accomplish i s  a d i g i t a l  coun te r  

read-out .  I n  t h e  v e r i f y  p o s i t i o n  of t h e  mode swi t ch ,  

a coun te r  can be used! t o  measure t h e  a b s o l u t e  frequency 
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difference between t h e  s e l e c t e d  c a r r i e r  and t h e  

l i n e  of i n t e r e s t .  

j .  The manual gain c o n t r o l  i s  t o  be used for very 

scroag  s i g n a l s .  Otherwise,  t h e  l i m i t e r  w i l l  

p revent  r e l a t i v e  s p e c t r a l  l i n e  ampli tudes fron 

be ing  observed i n  t h e  d i s p l a y  u n i t  (due t o  t h e  

f a c t  t h a t  t he  l i m i t e r  a c t s  t o  produce a c o n s t a n t  

ampli tude o u t  of each d e t e c t o r  f o r  s t r o n g  s i g n a l s ) .  

F igure  6 shows a p o s s i b l e  pane l  l ayou t  of the recornmended system. 

A number of v a r i a t i o n s  a re  p o s s i b l e  t o  inc lude  a d d i t i o n a l  i n f o r -  

mation t o  t h e  o p e r a t o r  before  53 makes h i s  s e l e c t i o n ,  i n c l u d i n g  

a u r a l  and v i s u a l  ou tpu t s  from t h e  s p e c t r a l  l i n e  d e t e c t o r s  

s i m i l a r  t o  t h a t  used i n  the p r e s e n t  phase-lock demodulators.  
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IV -- Ca:~CLUSIONS 

Regarding t h e  f i r s t  problen of f u l l y  au tomat ic  a c q u i s i t i o n :  

1. 

2 .  

3 .  

4. 

5.  

The carrier frequency for  Pa can  be found, both theoret-  

i c a l l y  a n d  p r a c t i c a l l y  by Type 1 informat ion  o n l y ,  f o r  

a l l  p o s s i b l e  cases. The procedure fo l lows  d i r e c t l y  

from a n a l y s i s  of t h e  s i g n a l  spectrum. 

The carr ier  frequency for P31 can be found i n  t h e o r y ,  by 

Type 1 informat ion  only,  for s p e c i a l  cases i n  which t h e  

c a r r i e r - t o - n o i s e  r a t i o  exceeds approximately -10 db i n  

t h e  f u l l  spectrum bandwidth. The xethod r e q u i r e s  an 

e x t r a o r d i n a r i l y  w e l l  designed d i s c r i m i n a t o r .  The use  

of s p e c t r a l  a n a l y s i s  has been r u l e d  out from a t h e o r e t -  

i c a l  s t a n d p o i n t ,  b u t  may be Iralpful i n  p r a c t i c e .  

For PM, i n  which t h e  c a r r i e r - t o - n o i s e  is below t h e  s t a t e d  

-10 db va lue ,  Type 2 in format ion  i s  necessary .  

Type 2 in format ion  i n  the form of a stored spectrum and 

a computer matching system has been sugges ted ,  b u t  no 

in fo rma t ion  of f e a s i b i l i t y  i s  appa ren t  wi thout  f u r t h e r  

s tudy .  

il system us ing  Type 2 in format ion  i n  t h e  form of pre- 

d i c t e d  Doppler s h i f t  h a s  been worked on a t  GSFC and 

appears  most promising, b u t  the f e a s i b i l i t y  may be 

l i m i t e d  because of t r a n s m i t t e r  d r i f t .  
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A s  has  been po in ted  o u t ,  the  s tudy  w a s  o r i q i n a l l y  t o  be 

d i r e c t e d  a t  t h e  hardware r equ i r ed  t o  achieve  t h e  d e s i r e d  

s t a t e d  goals. However, it becaine i n c r e a s i n g l y  e v i d e n t  

a s  t h e  s tudy  progressed  t h a t  a t h e o r e t i c a l  b a s i s  f o r  pos- 

i t i v e l y  i d e n t i f y i n g  t h e  c a r r i e r  f o r  P M  (used  t o  a s i g n i f -  

i c a n t  e x t e n t  on GSFC s a t e l l i t e s )  w a s  j u s t  n o t  a v a i l a b l e .  

Regarding t h e  second problem of semi-automatic a c q u i s i t i o n :  

There i s  no q u e s t i o n  of t h e  f e a s i b i l i t y  i n  s o l v i n g  t h e  

s i m p l i f i e d  problem t o  speed up t h e  a c q u i s i t i o n  p rocesses ,  

wherein t h e  s t a t i o n  o p e r a t o r  i s  r e q u i r e d  t o  make t h e  f i n a l  

d e c i s i o n  on whether o r  n o t  t h e  t r u e  c a r r i e r  has  been 

acqu i red .  
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The Diversity Lock Phase Demodulator includes features 

necessary for the minimization of sideband lock-on problems. 

:Codes of Operation: The anti-sideband lock circuit shall 

have two nodes of operation, "Automatic" and "Normal". In 

the noma1 rzode, the anti-sideband lock circuit shall serve 

only as an indicator. This circuit shall indicate whether 

the center frequency of the demodulator is above or below 

the center frequency of the desired signal (a signal with 

symmetrical spectral density is assumed). 

In the automatic mode of operation, the anti-sidebmd lock 

circuit shall attenpt to automate the acquisition function 

of the demodulator. In particular, when the acquisition 

mode is set below the cer.ter frequency of the desired signal, 

the following action shall take place: 

1. I4anual: Since this node of operation is 

intended for threshold signals only, the 

sideband circuit shall have no effect. 

2 .  Open: The sideband circuit shall have no effect. 



3 .  

4. 

~u tonna t i c  :  he ant i - s ideband lock  c i r c u i t  

s h a l l  allow the operator t o  manually a d j u s t  

t h e  f requency c o n t r o l  

Sweeo: The ant i -s ideband lock  c i r c u i t  s h a l l  

allow t h e  c e n t e r  Z'uequeacy of the  demodulator 

t o  sweep. But carrier lock-on must be 

95 p e r c e n t  reliable. 

may be accomplished i n  any manner desired 

such as :  

- 

This  xode of o p e r a t i o n  

a.  Sweep-Lock-Unlock-Sweep; or 

b. a node where d i s c r i m i n a t o r  sweep and 

auto-sweep arc combined t o  Amaxinurn 

advantage.  

I n d i c a t o r s :  Three ( 3 )  i n d i c a t o r  l i g h t s  s h a l l  be provided 

t o  i n d i c a t e  an t i - s ideband system c o n d i t i o n s  as follows: 

1. 

2 .  

3 .  

Automatic: To i n d i c a t e  when t h e  s ideband 

c i r c u i t  is i n  t h e  au tomat ic  mode. 

A r r o w  P o i n t s  Righk: VCO above the c e n t e r  

frequeficy of s ignal .  

Arrow P o i n t s  Left: VCO below t he  c e n t e r  

frequency of s i g n a l .  
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4 .  B o t h  A r r o w s  I nd ica t e :  Anti-sideband c i r c u i t  

n o t  a c t i v a t e d  due t o  l o w  s i g n a l  c o n d i t i o n s .  

5 .  N o  Z x r o w s  I n d i c a t e :  VCO c e n t e r  frequency 

wi th in  1 0 0  c y c l e s  of carrier.  
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i DESIGN EVALUATION 

OF THE 

ANTI -SIDEBAND SYSTEM 

FOR 

DIVERSITY-LOCKED PHASE DEMODULATOR 

INTRODUCTION 

Reference should be made to Electrac Proposal E.I. 386 

dated 28  April 1966 for development of an improved anti- 

sideband system for the Diversity-Locked Phase Demodulator. 

In this proposal, we discussed a basic system wherein two 

discriminators are used to center the VCO tuning to the approxi- 

mate center of the signal spectrum prior to activation of 

existing phase-lock operation. A wideband discriminator of 

approximately 300 kHz is first used, and the result then 

refined by a 20  kHz narrow-band discriminator. Selection of 

circuit parameters to achieve stable operation of the AFC 

,c 
I 

system consistent with reasonably low pull-in time for the 

desired accuracy is discussed. 
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NOMENCLATURE 

. = Inpu t  Frequency ' ( I F  Carr ier) ,  H z  f ;  i 

= Output Frequency, Hz 
fO 

= f i  - fo - Departure  of VCO from Carrier fe 
Frequency, Hz 

= Discriminator  S e n s i t i v i t y ,  Hz/volt  Kg 

= Trans fe r  Function of Di sc r imina to r  Low Pass y3 
F i l t e r  

= Common Channel VCO S e n s i t i v i t y ,  K4 
rad ians /sec /vol t  

7 = Feedback Resistor, Common Channel 
? See Rd 

Reference 1 
= Feedback Capaci tor ,  Common Channel- 'b 

= Discriminator  Pre-Detection Bandwidth, Hz Bi 

C i / N i  = Carrier  t o  Noise Power R a t i o  i n  Discr imina tor  

Pre-Detection Bandwidth 

1. Design Stud R e  o r t  For  Diversity-Locked Phase Demodulator, .-___ - 1 7  August ? i o n t r a c t  NAS5-9864 ,  Elcctrac, Inc., Anaherm, 
C a l i f o r n i a .  
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The basic Anti-Sideband System uti l izes  a conventional $.E 3 

syster2 an shown i n  f;igure 1 .  '?!le output  of t h e  discriminator 

c o n t a i n s  a post-detection low-pass filter defined by Y 3 ( p l .  

This filter is  designed to operate into the  sYxming jrrnction of 

the o p e r a t i o n a l  amplifier associated w i t h  the coi;mon chamel $29 

phase-lock t rack ing  loop. T h i s  i s  done in order that the fre- 

quency of the V S O  will be "memorized" w;len suflsequeiit s w i t c h i n g  

takes place fror;, RF'C to APL' operation. The analysis wliich 

follows is based on an unnmdulated carriert no consideration 

has be& given t o  a nodulated s i g n a l .  

The appropriate applicahle open loop equation can be dos- 

cribed by i n s p e c t i o n  of Figure 1 as: 

alsop fe(pl  - - f i  (p4 - f ,(p$ 

iroz. these e q u a t i o n s ,  it is easy to show the closed loop relatiorl- 

sfrlips are:, 



c 

It will later be shown that the simpliest practical filter 

following the discriminator m u s t  be a double pole network 

which we have chosen as follows: 

Parameters previously established and constrained by readily 

available components are listed below for t h e  w i d e  and narrow 

bandwidth discriminator considered. 

K Discriminator: lo-' V/Hz ,  Wide 5 

V / H z ,  Narrow 

Filter Y4: 

Rd Loop BW, 
Hz ohms 

10 155K 

30  52K 

100 15K 

3 0 0  5K 

@b' 
Rad/Sec 

6 . 4 5  

19.5 

64.5 

195. 
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VCO: K4/211 ,= 3 x 1 0  4 HZ/V 

There remains t h e  problem of choosing va lues  uA and Ro 

t o  achieve  a p r a c t i c a l  compromise of  t h e  fo l lowing  desired 

f a c t o r s  : 

- Minimum s e t t l i n g  t i m e  

- Minimum o u t p u t  frequency j i t ter  
(due t o  system no i se )  

- Dynamic s t a b i l i t y  

Practical  c i r c u i t  parameter 

- To minimize e f f e c t  o f  beat f requency 
caused by Seat of t w o  d i f f e r e n t i a l -  
phase VCO's 

NOISE 

Before proceeding wi th  the  s e l e c t i o n  of uA and Ro, w e  

determine f i r s t  t h e  no i se  j i t t e r  expected on fo as fo l lows:  

T h e  n o i s e  power s p e c t r a l  d e n s i t y  a t  t h e  ou tpu t  of  t h e  d i s -  

c r i m i n a t o r  can be shown t o  be 

.-b 

w i t h  F = F(ci/ni)  f L  

G n ( f )  = BiF ( 5 )  

where ci/n = carrier t o  n o i s e  i 

power r a t i o  i n  I F  and F i s  

found from Figure 2 

0 j i t t e r  
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o u r  cho ice  of Y3 i s  such t h a t  it e f f e c t i v e l y  e s t a b l i s h e s  an 

upper bound on t h e  n o i s e  output  and, t h e r e f o r e ,  f o r  s i m p l i c i t y  

w e  can w r i t e  

B .  

0 

Subs ti t u t i n g  

z 

and t h e  r m s  frequency j i t t e r  f i s  
0 

F o r  t h e  wideband d i sc r imina to r ,  Bi ? 3 X lo5 Hz. 

AGC o p e r a t e s  on t h e  carrier down t o  approximately zero  db 

ca r r i e r  t o  n o i s e  r a t i o  i n  t h e  I F  a m p l i f i e r  bandwidth, 

p o i n t ,  t h e  cond i t ions  i n  t h e  r e c e i v e r  s y s t e m  wi l l  be 1,. t h e  

to l lowing  Table 1. 

The system 

A t  t h i s  
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To g a i n  some i n s i g h t  i n t o  t h e  expected n o i s e ,  t h e  l a s t  column 

i n  t n e  above t a b l e  i s  t h e  c a l c u l a t e d  r m s  frequency j i t t e r  f o r  

an a r b i t r a r y  s e l e c t e d  va lue  of f A  = 15/2Il = 2 . 4  Hz. 

c lear  t h a t  t h e  r e s u l t i n g  VCO j i t t e r  for S N R  = 0 i n  t h e  I F  

bandwidth i s  n e g l i g i b l e ,  and the  f i n a l  accuracy should be on ly  

a mat ter  of zero d r i f t  i n  t h e  c i r c u i t s .  

I t  i s  

S e l e c t e d  va lues ,  

= 1 5  rad ians /sec  

= 51K ohms, wideband 
WA 

Ro 
5.1M ohms, narrow-band 

-5 K5 = 1 0  v/Hz wideband 

K5 = v/Hz narrow-band 

TI 

4 = 3 x 10 Hz/v n4 m 

From equat ion  1, 2 ,  and 3 

( i d e n t i c a l  f o r  bo th  wide and narrow- K4K5Rd whers K = 
0 bandwidth) 

+ (K + L. + 2WAP L 
l ) W A  i-3 + P3 

L KWA :db 



Loop BW Rd K 

10 Hz 6 . 4 5  155 l o 3  . 9 1  

300 Hz 195 5 x l o 3  ,0294 

For the 10 Hz loop, 

and 

. 

fo 2 0 5 ( p  + 6.45) 
5 = (p + 4.1) (p2 + 2Cw P -+ w n 2 )  n 

n 

- - P +  % - %  

and f o r  the 300 Hz loop, 

and 

r .  
I 

fo 6.85 ( p  + 195) 
r =  1 ( p  + 2 2 . 3 )  (p2 + 2Ewnp + w n 2 )  

w = 18 n 
E = . 7 2  

w = 7.7 rad n 
5 = 0.5 

P 
Or a p + 8  
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Using the approximate error transfer function, we note the 

frequency vs. time transient f o r  a step value of F~ as 
n 

follows: 

10 Hz Loop: 
,# 

and for the 300 Hz Loop: 

fe(t) = F.e -8t ; = -8  fe(t) 
1 

We now compute the time for the error to settle to the 5 kHz 

and 50 Hz values for the wide and narrow bandwidths, respectively, 

and the frequency rate: 

SETTLING TIME 

Loop Wideband Narrow-Band T . 
Bandwidth 100 to 5 kHz 5 to 50 Hz Total Time fe ( r )  

10 Hz 0 . 8  sec 1.2 sec 2 sec -200 Hz/sec 

.6 sec 1 sec -400 Hz/sec 300 Hz 0 .4  sec 

It appears a maximum of t w o  seconds will be required to achieve 

the desired results. Also, assuming the relay logic circuitry 

requires a maximum of 5 milliseconds, we see that the overshoot 

will not exceed 2 Hz of the transfer from AFC to phase lock operation. 

-10- 
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t h e  AGC v o l t a g e  coincic!t-:r,t w i t h  t - h ~  s e t t i n g  cf t he  receivc!r I F  

bandwidth switch. This  w ~ x ~ l d  be accomplished i n l i i r e c t l y  Sy 

u t i l i z i n g  thc: dtmod-!,anc!wi1th switches instt.ac4, wi th  t h e  urd ?r- 

srzmfiincj that tho station peratc rs wcsul2 be r w r u i r t 4  t o  u s e  

corresponding s e t t i n g s  c-n with t h e  r e c e i v c r  an<: : ' raodulator 

s*,<i tch--a.:. The f c a s i k i l i  t y  of u t i l i z i n g  t h i ?  apprqach requirt-s 

furt:h,:r d i scus  : ions L i t h  GSFC r ,e rsonnel .  

-12- 
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